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(54) Method and system for gas chromatography 

(57) The invention provides a gas chromatography 
method for analyzing materials vaporizable in a gas 
chromatograph system, the method comprising filling a 
sample injection device with a sample of the compounds 
to be analyzed; transferring the sample compounds into 
an analytical separation column with a transfer gas; 
passing a carrier gas inside the analytical separation 
column for time separation of the sample compounds; 
controlling the temperature of the column for achieving 
separation of the sample compounds; transferring the 
vaporized sample compounds etuted-from the column 
into a flame ionization detector; providing the gases re- 
quired for the operation of the flame ionization detector, 
and analyzing the data output of the flame ionization de- 
tector for analysis of the sample compounds, wherein 
the gases required for the operation of the gas chroma- 
tograph system are produced by water electrolysis. In a 
modification of the method, the gases required for op- 
eration of the gas chromatograph system are produced 
by water electrolysis without separating the hydrogen 
from the co-produced oxygen. Gas chromatograph sys- 
tems for analyzing vaporizable materials are also pro- 
vided. 
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Description 

Field of the Invention 

[0001] The present invention relates to a method and 5 
apparatus for gas chromatography. More particularly, 
the invention relates to an electrolyzer-operated gas- 
cylinder-free gas chromatograph having a flame ioniza- 
tion detector (GC-FID). 

10 

Background of the Invention 

[0002] Gas chromatography (GC) is a widely used an- 
alytical technology that is finding a growing number of 
applications in the analysis of volatile and semi-volatile * 5 
compounds. Among the several currently available GC 
detectors, the flame ionization detector (FID) is the de- 
tector most widely used and for the broadest range of 
applications. The FID is based on the combustion of or- 
ganic compounds that elute from the GC column in a 20 
hydrogen diffusion air flame and the. consequent pro- 
duction of charged species from the combustion of the 
organic compounds. The FID is a highly successful de- 
tector due to its robustness, high reliability, high sensi- 
tivity, universal carbon-selective detection capability, . 25 
broad linear dynamic range, fast response, high temper- 
ature operation capability and excellent reproducibility. 
As a result, the FID has become the GC industry's stand- 
ard detector of choice. 

[0003] However, both the GC and FID suffer from the 30 
major limitation of requiring several high quality gases. 
This limitation impairs the GC's operational safety, se- 
verely limits its transportability and usage outside the 
laboratory, considerably increases its cost of purchase 
and use, and reduces its ease of use. As a result, port- 35 
able GC's are mostly used with a thermal conductivity 
detector (TCD) that is less sensitive than the FID, suffers 
from limited temperature operation capability and is sub- 
jected to water interference. An alternative detector is 
the photo ionization detector (PID); however, the PID is *o 
too selective for many applications and is not semi- 
quantitative; it thus is incapable of properly analyzing 
several important compounds, such as methane or ac- 
etone. 

[0004] A new type of FID has been developed, based 45 
on the use of a water electrolyzer, for the production of 
an unseparated, premixed, oxygen and hydrogen com- 
bustible gas mixture. This electrolyzer-powered FID 
(EFID) is based on a premixed, stoichiometric oxygen 
and hydrogen flame with a relatively low flow rate of the so 
combustible gas mixture. In addition to a different EFID 
flame, its operation further requires the reduction of the 
flame tip diameter to prevent flame flashbacks and the 
heating of the FID gas exit to avoid water condensation. 
The EFID, despite its different flame chemistry, serves 55 
as a carbon-selective detector like the FID and main- 
tains all the advantages of the FID listed above, with the 
addition of slightly increased sensitivity. The same EFID 



electrolyzer has also been used for the operation of a 
nitrogen and phosphorus detector. 
[0005] The use of the EFID renders superfluous the 
use of hydrogen and air gas cylinders in the GC. It also 
considerably reduces the helium carrier gas consump- 
tion, since no helium make-up gas is required for optimal 
operation of the EFID. However, an inert carrier gas, 
such as helium, nitrogen or hydrogen, is still required for 
the operation of the GC injector and as a carrier gas for 
the analytical separation column. The common percep- 
tion is that oxygen must be avoided, as it destroys the 
GC separation column. Furthermore, oxygen is a reac- 
tive gas that can react and oxidize the sample com- 
pounds in the hot injector. Clearly, the complete removal 
of all of the gas cylinders from the GC remains an im- 
portant challenge. 

Disclosure of the Invention 

[0006] The present invention relates to a gas cylinder- 
free, GC-EFID system. This system is uniquely based 
on the use of a water electrolyzer for the provision of 
substantially all of the gases needed for the operation 
of a GC-FID system. In the system of the invention, the 
water electrolyzer produces a stoichiometric oxygen 
and hydrogen gas mixture. The mixture is used as is, 
without oxygen removal or any gas separation, as the 
gas needed for the purge and trap injection system, as 
the carrier gas in the analytical separation capillary col- 
umn and as the single gas supply source of the EFID. 
The result is a gas cylinder-free GC-EFID system having 
only liquid water as a consumable material and that re- 
leases only water vapor into the environment at the 
small rate of about 10 mg/min. The present invention is 
based on the realization of several important advantag- 
es of water electrolysis as a method for the provision of 
the total gas supply of gas chromatography systems: 

1) Water is a safe, non-toxic, environmentally 
friendly material. 

2) Water is a liquid in abundant, easy, low-cost sup- 
ply. 

3) Water provides, upon its electrolysis, a hydrogen 
and oxygen gas mixture having a gas volume about 
2000 times larger than the volume of the water. 

4) Unlike gas, water can be transported, including 
in airplanes, without the safety issues and con- 
straints relating to compressed or flammable gas. 

5) Water electrolysis automatically produces the 
necessary pressure for delivery of the required flow 
rate of the gases produced. 

6) Water electrolysis is amenable to simple, yet ac- 
curate, electronic control of the total gas flow rate 
by controlling the electrolysis current. In addition, 
the initial stoichiometric ratio of hydrogen to oxygen 
in the gas mixture is also inherently ensured. Thus, 
the water electrolyzer replaces a costly, three-chan- 
nel electronic flow control. 
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7) Water electrolysis produces ultra-clean gases 
without any organic compound impurities. 

8) Water electrolysis, without subsequent gas sep- 
aration, provides the ultimately reliable gas supply 
device with no moving parts. 

9) Water electrolysis, without subsequent gas sep- 
aration, provides the ultimate low energy consump- 
tion, pressurized gas source, compared with any 
other gas generation source. 

10) Water electrolysis, with hydrogen and oxygen 
separation, can provide both relatively inert hydro- 
gen gas to serve as a GC column carrier gas and 
oxygen for post-column mixing with the hydrogen 
for EFID operation. 

[0007] In accordance with the present invention, there 
is therefore provided a gas chromatography method for 
analyzing materials vaporizable in a gas chromatograph 
system, said method comprising filling a sample injec- 
tion device with a sample of the compounds to be ana- 
lyzed; transferring said sample compounds into an an- 
alytical separation column with a transfer gas; passing 
a carrier gas inside said analytical separation column 
for the time separation of said sample compounds; con- 
trolling the temperature of said column for achieving 
separation of said sample compounds; transferring the 
vaporized sample compounds eluted from said column 
into a flame ionization detector; providing the gases re- 
quired for the operation of said flame ionization detector, 
and analyzing the data output of said flame ionization 
detector for analysis of said sample compounds, char- 
acterized in that the gases required for the operation of 
said gas chromatograph system are produced by water 
electrolysis. 

[0008] In addition, the invention provides a gas chro- 
matography method for analyzing materials vaporizable 
in a gas chromatograph system, said method compris- 
ing filling a sample injection device with a sample of the 
compounds to be analyzed; transferring said sample 
compounds into an analytical separation column with a 
transfer gas; passing a carrier gas inside said analytical 
separation column for time separation of said sample 
compounds; controlling the temperature of said column 
for achieving separation of said sample compounds; 
transferring the vaporized sample compounds eluted 
from said column into a detector; providing the gases 
required for the operation of said detector, and analyzing 
the data output of said detector for analysis of said sam- 
ple compounds, characterized in that the gases required 
for the operation of said gas chromatograph system are 
produced by water electrolysis without separating the 
hydrogen from the co-produced oxygen. 
[0009] The invention further provides a gas chroma- 
tograph system for analyzing vaporizable materials, 
said system comprising means for filling a sample injec- 
tion device with a sample of the compounds to be ana- 
lyzed; means for transferring said sample compounds 
with a transfer gas into an analytical separation column; 



means for passing a carrier gas inside said analytical 
separation column for the time separation of said sam- 
ple compounds; temperature control means for control- 
ling the temperature of said column for achieving sepa- 

5 ration of said sample compounds; means for transfer- 
ring vaporized sample compounds eluted from said col- 
umn into a flame ionization detector for subsequent de- 
tection; means for providing the gases required for the 
operation of said flame ionization detector, and means 

10 for analyzing output data of said flame ionization detec- 
tor for analysis of said sample compounds, character- 
ized in that the gases required for the operation of said 
gas chromatograph system are provided by a water 
electrolyzer. 

15 [0010] The invention still further provides a gas chro- 
matograph system for analyzing vaporizable materials, 
said system comprising means for filling a sample injec- 
tion device with a sample of the compounds to be ana- 
lyzed; means for transferring said sample compounds 

20 with a transfer gas into an analytical separation column; 
means for passing a carrier gas inside said analytical 
separation column for time separation of said sample 
compounds; temperature control means for controlling 
the temperature of said column for achieving separation 

25 of said sample compounds; means for transferring va- 
porized sample compounds eluted from said column in- 
to a detector for subsequent detection; means for pro- 
. viding the gases required for the operation of said de- 
tector, and means for analyzing output data of said de- 

30 tector for analysis of said sample compounds, charac- 
terized in that the gases required for the operation of 
said gas chromatograph system are provided by a water 
electrolyzer without separating the hydrogen from the 
co-produced oxygen. 

35 

Brief Description of the Drawings 

[001 1] The invention will now be described in connec- 
tion with certain preferred embodiments with reference 
to to the following illustrative figures so that it may be more 
fully understood. 

[0012] With specific reference now to the figures in 
detail, it is stressed that the particulars shown are by 
way of example and for purposes of illustrative discus- 

45 sion of the preferred embodiments of the present inven- 
tion only, and are presented in the cause of providing 
what is believed to be the most useful and readily un- 
derstood description of the principles and conceptual 
aspects of the invention. In this regard, no attempt is 

so made to show structural details of the invention in more 
detail than is necessary for a fundamental understand- 
ing of the invention, the description taken with the draw- 
ings making apparent to those skilled in the art how the 
several forms of the invention may be embodied in prac- 

55 tice. 

[0013] In the drawings: 

Fig. 1 is a schematic block diagram of the gas cyl- 
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inder-free GC-FID system of the present invention, 
and 

Fig. 2 is a chromatogram of five indicated solvent 
compounds, at a concentration of 500 ppb (v/v) in 
air, obtained by utilizing the system of Fig. 1. 5 

Detailed Description 

[0014] Figure 1 is a schematic block diagram of the 
GC-FID system 2 according to the present invention, 10 
System 2 is suitably operable for the analysis of volatile 
organic compounds such as gases and solvents, with 
boiling points up to about 1 50°C. In addition, a fast anal- 
ysis of all the volatile organic compounds, under one 
minute, with a detection limit of 1 ppb, can be achieved 15 
with this system. 

[001 5] The water electrolyzer 4 is compact, being ap- 
proximately the size of a beverage can. it is operated 
with 120 ml water and 2A electrolysis current, providing 
a consumption of 1 6 ml water per day and the production 20 
of 23 ml/min of a stoichiometric hydrogen and oxygen 
gas mixture. Water electrolyzer 4 has a frit F1 (Mott, 500 
ml/min element) at its output, serving both to prevent a 
flame flashback penetration into the electrolyzer and as* 
a pneumatic, short-term, flow rate stabilizer. The total -25 
gas flow rate is regulated electronically by the electrol- 
ysis current, acting as an electronic flow control and re- 
sulting in good long-term flow rate stability. The com- 
bustible gas flow rate is split with a flow splitter 6, con- 
stituted by frits F2 and F3 in addition to F1 . About 19 ml/ 30 
min can be passed directly to the EFID for its continuous 
operation without flameouts. 

[001 6] The analysis cycle begins with the operation of 
the sampling pump 8 that pumps the sample com- 
pounds through pumping valve 10, GC injector 12 and 35 
sample valve 1 4. A home-made check valve , made from 
Vespel, can be used as the sample valve. The purge 
and trap GC injector 12 can be based on a 2.5 cm piece 
of 0.32 mm ID CarbonPLOT column (J&W Folsom, CA) 
inserted inside a stainless steel metal tube having an ID *o 
of 0.53 mm and and OD of 0.73 mm (Restek, Bellefonte, 
PA) that serves to heat the CarbonPLOT sample trap- 
ping column. Upon the operation of the sampling pump 
8, the sampled air is pumped through the CarbonPLOT 
trapping column and the organic compounds are ad- 45 
sorbed and retained in it. During the step of sample trap- 
ping, the 3-way valve 16 diverts all of the combustible 
gas mixture to the EFID 18. 

[0017] The second step in the analysis cycle begins 
with the closure of the pumping valve 10 to stop the air 50 
sampling. The 3-way valve 16 is then connected to the 
GC injector 12 and a 4 ml/min hydrogen and oxygen gas 
mixture flows through the trapping column (GC injector 
12) that is subsequently heated to about 140°C by a 5A 
heating current for 2-3 seconds, for thermal desorption 55 
purging of the sample compounds. During this stage, 
the sample compounds are swept by the carrier gas into 
the analytical separation column. For GC separation, a 



1.5 meter, 0.32 mm ID column, inserted inside a stain- 
less steel metal tube having an ID of 0.53 mm and OD 
of 0.73 mm (SilcoSteel coated transfer line tube, Restek, 
Bellefonte, PA) can be used. The separation column can 
be based on the use of a PoraBOND PLOT column (Var- 
ian-Chrompack, Middelburg, The Netherlands) that uti- 
lizes a porous layer of divinylbenzebe as the adsorbing 
material. 

[0018] In the third step of the analysis cycle, the gas 
chromatography separation was initiated. For tempera- 
ture programming of the separation column, the column 
was heated to 140°C by up to 2A direct current heating. 
The hydrogen and oxygen gas mixture serves as the 
carrier gas, having a 4 ml/min column flow rate. The col- 
umn output gas is combined with the 1 9 ml/min auxiliary 
gas mixture that is fed directly from the water electrolyz- 
er 4 and is then entered into the EFID 1 8, where it serves 
as the total EFID combustible gas mixture. The organic 
compounds that eluted from the GC column 20 are de- 
tected by the EFID 18, and the resulting chromatogram 
is processed by standard software in a computer or in- 
tegrator (not shown). A home-made EFID 18, that has 
its flame tip biased by +50V from an external power sup- 
ply, may be used. The charge collector of the EFID is 
connected to a standard FID current amplifier, taken 
from a Carlo Erba Vega GC-FID system. The EFID in- 
sulating spacers are made from Teflon, while the outer 
body is constructed from 31 6 stainless steel and the up- 
per gas exit portion from aluminum. The heater of the 
EFID can be a home-made heating element, having an 
OD of 1.6 mm, with Kanthal heating wire that provides 
about 8 Watts. This power is sufficient to heat the EFID 
18 to over 150°C. The flame tip used can be based on 
a modified Hewlett-Packard FID flame tip, with a nozzle 
diameter of 0.28 mm. A Vespel part serves as the sup- 
port for the GC, purge and trap, pneumatics and elec- 
trical contacts. The latter is thermally connected to the 
heated EFID via three aluminum rods. Thus, while the 
EFID 18 is at 150°C, the check valve and GC inlets are 
at 80°C. The total average energy consumption of this 
system, operated for an analysis cycle time of 1 minute, 
is about 20 Watts, making it amenable to, and compat- 
ible with, field battery operation. 
[001 9] While the above-described system 2 is a small- 
size, gas cylinder-free GC-EFID system designed for 
field applications, clearly the same principles can be ap- 
plied for the conversion of a standard laboratory GC-FID 
system into a gas cylinder-free GC-EFID. In a standard 
gas analysis, the purge and trap system could be re- 
placed by a standard sampling loop, while the check 
valve could be replaced by a gas sampling valve. Stand- 
ard liquid injection systems can also be converted into 
gas cylinder-free GC-EFID operations, but preferably 
only in the cold on-column or splitless modes of opera- 
tion, unless the electrolyzer provides more gases for the 
split exit. The septum purge flow should be minimized 
in that mode. 

[0020] The most significant limitation of the gas cylin- 
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der-free GC-EFID system 2 is its lower and limited col- 
umn operation temperature. Clearly, the use of oxygen 
is undesirable in gas chromatography, and its users are 
often requested to use special oxygen traps to remove 
even trace amounts of oxygen from the carrier gas. On 
the other hand, modern capillary columns are designed 
for low bleed at high temperatures and thus should be 
more oxygen-tolerant than commonly perceived. Fur- 
thermore, in the analysis of relatively volatile com- 
pounds, the adverse effect of potential oxygen reaction 
with the sample compounds is also minimized at the re- 
quired relatively low temperatures of the injector and 
column. It was found that a standard dimethylsiloxane 
adsorption film can tolerate oxygen in air up to about 
200°C for an extended period of time, and without no- 
ticeable column deterioration. With the divinilbenzene 
phase in the PoraBOND column, the upper limit was 
found to be 140°C, utilizing the electrolyzer-produced 
oxygen and hydrogen gas mixture. This temperature 
limitation still enables analysis of the full range of gases, 
solvents, volatile organic compounds and even a small 
portion of the more volatile compounds among the semi- 
volatile group of organic compounds. The dimethylsi- 
loxane phase was found to be satisfactory for the sys- 
tem 2, but it was not optimal for the proper retention and r 
separation of solvents, due to its low retention power. 
Thus, the PoraBOND column is preferred, despite its 
lower temperature compatibility. 
[0021] For higher column temperature GC-EFID op- 
eration, the hydrogen and oxygen should be separated 
so that pure hydrogen will serve as the injection and col- 
umn carrier gas. In contrast, however, to the currently 
used GC systems, the use of the EFID uniquely re- 
moves the need for a large flow rate of clean air; the co- 
produced oxygen can be mixed with the hydrogen after 
its elution from the GC column, to again form a stoichi- 
ometric hydrogen and oxygen gas mixture as required 
for the operation of the EFID. 

[0022] The analysis of gases and volatile organic 
compounds is, in many cases, performed with splitless 
sample injection. In contrast, the analysis of semi-vola- 
tile compounds requires split-splitless or split injection, 
in order to eliminate the tailing solvent signal. Split or 
split-splitless injection requires a much higher gas flow 
rate, in order to sustain the additional high split gas flow 
rate. As a result, for semi-volatile compound analysis 
with split or split-splitless injection, a larger water elec- 
trolyzer is required, with or without hydrogen and oxy- 
gen separation. 

[0023] In Figure 2, there is shown a fast chromato- 
gram of ethanol, acetone, benzene, toluene and ortho 
xylene. These compounds were dissolved in trimelitate 
at liquid concentrations that produced 500 ppb (v/v) 
head space concentrations in air. As illustrated at the 
bottom of the figure, the head space was sampled at a 
30 ml/min sampling flow rate for 10 seconds, so that 5 
ml air were analyzed. Immediately after the 1 0 seconds 
sampling time, the pumping valve 10 of Figure 1 was 



closed, the carrier gas of non-separated hydrogen and 
oxygen gas mixture entered the trap, and the three-sec- 
ond desorption period began. After these three sec- 
onds, the trap heating stopped and the GC column heat- 

5 ing began, lasting for 37 to 50 seconds from the begin- 
ning of the analysis. The analysis cycle ended with 10 
seconds of cooling that could be used for additional 
sample trapping. Consequently, Figure 2 demonstrates 
a full analysis cycle time of less than one minute, with 

10 low ppb detection limits for the full range of organic sol- 
vents and without any gas cylinders. 
[0024] The EFID short-term noise was found to be 
less than the equivalent of 0.1 ppb (about 20 femtoAm- 
pere). On the other hand, the column bleed chemical 

15 noise due to the action of the oxygen in the carrier gas, 
as well as other types of chemical noise, restricted the 
detection limit to about 1-2 ppb. The small hump seen 
in Fig. 2 at 30-35 seconds relates to a yet unknown origin 
in the sample itself, but it is absent with lower concen- 

20 tration samples. With a temperature program up to 
110°C, the column-produced chemical noise was signif- 
icantly reduced and sub-ppb detection limits were n 
achieved. Under these conditions, however, the com- 
pound toluene was the last to elute compounds and xy- 
-25 lene could not be properly analyzed. The CarbonPLOT 
trapping column was found to be an effective trap for all 
the sample solvent compounds for up to 10 ml sample 
volumes. Above this air sample volume, the more vola- 
tile organic compounds began to penetrate the trap. The 

30 sample trap was heated up to 170°C, but only about 
100°C were needed for full desorption of the sample 
compounds. The PoraBOND column was also tested as 
a trap, but it was found to be inferior to the CarbonPLOT 
trap, due to its lower capability of trapping the more vol- 

35 atile compounds and its higher bleeding level with oxy- 
gen. 

[0025] In the chromatogram shown in Figure 2, a 1 .5 
meter column was used with a 0.32 mm ID PoraBOND 
column. The separation power of this column was inde- 

40 pendently tested under isothermal conditions, and it was 
found to be characterized by 1200 separation plates, as 
it exhibited a ratio of elution time to peak width of close 
to 1 6. This separation capability seems sufficient for the 
analysis of simple volatile organic compounds. If in- 

^5 creased separation power is needed, a longer column, 
such as a 15 meter 0.53 column, that should have over 
20,000 separation plates, can be used. A standard 30 
meter 0.25 mm ID column can also be used with in- 
creased column head pressure that could be provided 

so by the water electrolyzer, but the analysis time will be 
considerably increased. 

[0026] In Fig. 2, the complete separation of five sol- 
vent compounds is demonstrated; their time-integrated 
areas enable their quantitative determination, as is com- 
55 monly accomplished with gas chromatography. It is rec- 
ognized that the sum of these amounts represents the 
total organic matter in the sample. However, with the uti- 
lization of the same system, the separation column can 
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be replaced with a non-adsorption transfer line and a 
non-adsorption sample loop can be used for achieving 
even faster total organic compound analysis, without 
GC separation, with only these two minor modifications. 
Fast, total organic compound (TOC) determination was 
successfully tested, and 1 ppm TOC was easily meas- 
ured, using this method. 

[0027] While the use of a water electrolyzer has been 
described for the operation of a gas chromatograph 
equipped with an EFID as its detector, other GC detec- 
tors can also be used, such as a photo ionization detec- 
tor (PID), a thermal conductivity detector (TCD), a mass 
spectrometer detector (MSD), or most other available 
GC detectors that can use electrolyzer-produced gases 
as their gas source. This is so since the water electro- 
lyzer provides a few advantages over its alternatives. In 
comparison with standard hydrogen generators, the wa- 
ter electrolyzer is far smaller, lighter and requires much 
less energy, due to the elimination of the oxygen and 
hydrogen separation step and high hydrogen pressure 
stabilization. Furthermore, the stoichiometric hydrogen 
and oxygen ratio enables the production of a flame with 
the smallest amount of output gases, i.e., pure water va- 
por, which can be separated from other flame co-pro-' 
duced gas species. For certain applications, such as 
GC-MS, it is beneficial to catalytically convert the hydro- 
gen and oxygen back to water in the vacuum system for 
its easier pumping by chemical adsorption. In compari- 
son with air-powered GC, the water electrolyzer auto- 
matically provides the required column head pressure 
without any bulky and noisy air compressor; in addition, 
the quality and cleanliness of its generated gas is much 
better. 

[0028] It will be evident to those skilled in the art that 
the invention is not limited to the details of the foregoing 
illustrated embodiments and that the present invention 
may be embodied in other specific forms without depart- 
ing from the spirit or essential attributes thereof. The 
present embodiments are therefore to be considered in 
al! respects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended claims 
rather than by the foregoing description, and all changes 
which come within the meaning and range of equivalen- 
cy of the claims are therefore intended to be embraced 
therein. 



passing a carrier gas inside said analytical sep- 
aration column for time separation of said sam- 
ple compounds; 

controlling the temperature of said column for 
5 achieving separation of said sample com- 

pounds; 

transferring the vaporized sample compounds 
eluted from said column into a flame ionization 
detector; 

10 providing the gases required for the operation 

of said flame ionization detector, and 
analyzing the data output of said flame ioniza- 
tion detector for analysis of said sample com- 
pounds, 

15 

characterized in that the gases required for 
the operation of said gas chromatograph system 
are produced by water electrolysis. 

20 2. A gas chromatography method for analyzing mate- 
rials vaporizable in a gas chromatograph system, 
said method comprising: 

filling a sample injection device with a sample 
25^ of the compounds to be analyzed; 

transferring said sample compounds into an 
analytical separation column with a transfer 
gas; 

passing a carrier gas inside said analytical sep- 
30 aration column for time separation of said sam- 

ple compounds; 

controlling the temperature of said column for 
achieving separation of said sample com- 
pounds; 

35 transferring the vaporized sample compounds 

eluted from said column into a detector; 
providing the gases required for the operation 
of said detector, and 

analyzing the data output of said detector for 
40 analysis of said sample compounds, 

characterized in that the gases required for 
the operation of said gas chromatograph system 
are produced by water electrolysis without separat- 
es ing the hydrogen from the co-produced oxygen. 



Claims 

1 . A gas chromatography method for analyzing mate- 
rials vaporizable in a gas chromatograph system, 
said method comprising: 

filling a sample injection device with a sample 
of the compounds to be analyzed; 
transferring said sample compounds into an 
analytical separation column with a transfer 
gas; 



3. The method according to claim 1 , wherein said wa- 
ter electrolysis provides a hydrogen and oxygen 
gas mixture without separating the hydrogen from 

so the co-produced oxygen. 

4. The method according to claim 1 , wherein said wa- 
ter electrolysis provides separated hydrogen and 
oxygen gases that are recombined prior to their 

55 transfer into said flame ionization detector, for its 
operation with a hydrogen and oxygen gas mixture. 

5. The method according to claim 1 , wherein said gas 
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chromatography system also serves to determine 
the total content of organic compounds in air or a 
gaseous sample. 

6. The method according to claim 1 or claim 2, wherein 
said sample injection device is operable as a sam- 
ple loop filled with a gaseous sample. 

7. The method according to claim 1 or claim 2, wherein 
said sample injection device is a standard liquid in- 
jection gas chromatography injector. 

8. The method according to claim 1 or claim 2, wherein 
said sample injection device is based on gas phase 
or airborne sample adsorption, followed by sample 
injection through sample thermal desorption. 

9. The method according to claim 1 or claim 2, wherein 
said gas chromatograph utilizes materials that are 
oxygen-stable at the required analysis temperature. 

10. A gas chromatograph system for analyzing vapor- 
izable materials, said system comprising: 

means for filling a sample injection device with 
a sample of the compounds to be analyzed; 
means for transferring said sample compounds 
with a transfer gas into an analytical separation 
column; 

means for passing a carrier gas inside said an- 
alytical separation column for time separation 
of said sample compounds; 
temperature control means for controlling the 
temperature of said column for achieving sep- 
aration of said sample compounds; 
means for transferring vaporized sample com- 
pounds eluted from said column into a flame 
ionization detector for subsequent detection; 
means for providing the gases required for the 
operation of said flame ionization detector, and 
means for analyzing output data of said flame 
ionization detector for analysis of said sample 
compounds, 

characterized in that the gases required for 
the operation of said gas chromatograph system 
are provided by a water electrolyzer. 

11. A gas chromatograph system for analyzing vapor- 
izable materials, said system comprising: 

means for filling a sample injection device with 
a sample of the compounds to be analyzed; 
means for transferring said sample compounds 
with a transfer gas into an analytical separation 
column; 

means for passing a carrier gas inside said an- 
alytical separation column for time separation 



of said sample compounds; 
temperature control means for controlling the 
temperature of said column for achieving sep- 
aration of said sample compounds; 

5 means for transferring vaporized sample com- 

pounds eluted from said column into a detector 
for subsequent detection; 
means for providing the gases required for the 
operation of said detector, and 

10 means for analyzing output data of said detec- 

tor for analysis of said sample compounds, 

characterized in that the gases required for 
the operation of said gas chromatograph system 
15 are provided by a water electrolyzer without sepa- 
rating the hydrogen from the co-produced oxygen. 

12. The system according to claim 10, wherein said wa- 
ter electrolyzer provides a hydrogen and oxygen 

20 gas mixture without separating the hydrogen from 
the co-produced oxygen. 

1 3. The system according to claim 1 0, wherein said wa- 
ter electrolyzer provides separated hydrogen and 

25 oxygen gases that are recombined prior to their 
transfer into said flame ionization detector, for its 
operation with a hydrogen and oxygen gas mixture. 

14. The system according to claim 10, wherein said 
30 system also serves to determine the total content 

of organic compounds in air or a gaseous sample. 

15. The system according to claim 10 or claim 11, 
wherein said means for sample injection is consti- 

35 tuted by a sample loop filled with a gaseous sample. 

16. The system according to claim 10 or claim 11,- 
wherein said means for sample injection is consti- 
tuted by a standard liquid injection gas chromatog- 

40 raphy injector. 

17. The system according to claim 10 or claim 11, 
wherein said sample injection is constituted by gas 
phase or airborne sample adsorption, followed by 

45 sample injection through sample thermal desorp- 
tion. 

18. The system according to claim 10 or claim 11, 
wherein said analytical separation column is an 

50 open tubular column coated on its inside with a 
sample adsorption film or a porous layer. 

19. The system according to claim 10 or claim 11, 
wherein said analytical separation column is a 

55 packed column. 

20. The system according to claim 10 or claim 11, 
wherein said analytical separation column is of the 
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type suitable for use with materials that are oxygen- 
stable at the required analysis temperature. 
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Fig.1. 
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(54) Method and system for gas chromatography 

(57) The invention provides a gas chromatography 
method for analyzing materials vaporizable in a gas 
chromatograph system, the method comprising filling a 
sample injection device with a sample of the compounds 
to be analyzed; transferring the sample compounds into 
an analytical separation column with a transfer gas; 
passing a carrier gas inside the analytical separation 
column for time separation of the sample compounds; 
controlling the temperature of the column for achieving 
separation of the sample compounds; transferring the 
vaporized sample compounds eluted from the column 
into a flame ionization detector; providing the gases re- 
quired for the operation of the flame ionization detector, 
and analyzing the data output of the flame ionization de- 
tector for analysis of the sample compounds, wherein 
the gases required for the operation of the gas chroma- 
tograph system are produced by water electrolysis. In a 
modification of the method, the gases required for op- 
eration of the gas chromatograph system are produced 
by water electrolysis without separating the hydrogen 
from the co-produced oxygen. Gas chromatograph sys- 
tems for analyzing vaporizable materials are also pro- 
vided. 
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